Abstract : Due to safety of the plant, it became very clear the importance of study occurrence reactor coolant system (RCS) issues specially the primary water stress corrosion cracking (PWSCC). The Systems Engineering (SE) approach is characterized by the application of a structured engineering methodology for the design of a complex system or component. Robotic devices have been used for internal inspection, maintenance and performing remote welding and inspection in high-radiation areas. In this paper, PWSCC overview and inlay and over lay welding methodology introduced, concept of robotic device that can be inserted into the piping via Steam Generator (SG) main way to access to primary piping of pressurized water reactor (PWR) is developed based on SE methodology. A 3D model of the inspection system was developed along with the APR1400 (Advanced Power Reactor)reactor coolant systems (RCS) and internals with virtual 3D simulation of the operation for visualization to prove the validity of the concept.
Introduction
The PWR RCS major functions is to supply coolant flow to remove heat from reactor core and transfer it to SG, to serve as the 2nd barrier to the release of fission products from the reactor core to the environment. The 1st barrier is fuel cladding, to provide sufficient size, and location [1] .
Whether via the NRC (United States Nuclear
Regulatory Commission) or the German Federal Ministry for Environment, Nature Conservation and Nuclear Safety (BMU), the regulation authorities of all nuclear power producing countries require each nuclear power plant (NPP) to compile an in-service inspection (ISI) programmed in order to guarantee the safe, and reliable operation of systems [2] . The objectives of an in-service inspection programmed are [3] : 1) To minimize plant cost arising from failures in plant systems and components.
2) To evaluate and detect defects that subsequently should receive enhanced in-service inspection;
3) To make more effective use of available resources taking into account in-service inspection programmed requirements, "as low as reasonably achievable" (ALARA).
There is, therefore, a need to detect these flaws and evaluate them. By applying SE methodology, it is possible to specify problems, requirements, needs, and finally the solution for the PWSCC issue in RCS as in figure 1 by improve and develop internal inspection to reach to internal parts in RCS by a robotic system. When applying the SE approach, the focus is on the designing and analysis of the system as a whole, as distinct from a specific focus on [ Figure 2 ] ASME code section III and section XI the components or the parts. Therefore, the approach consists upon looking at a problem as whole, taking into account all the parts and all the parameters in an interconnected way [4] .
Methodology and Skills
In this part we introduced project requirement, design engineering element, and specialty engineering attribute. Specific Code Editions and addenda required by 10 CFR 50.55a are referenced in the Preservice Inspection (PSI) and ISI programs, however, the PSI program will meet all requirements for Section XI of the same edition as the ASME Code used for construction, and the ISI program will meet the ASME Code Section XI in effect in accordance with 10 CFR 50.55a.
Section XI Rules for ISI of NPP Components:
Section XI, provides requirements for examination, testing, inspection, repair, and replacement activities in a NPP. Figure 2 shows ASME code section III, and ASME code section XI application. Reactor Coolant System components design:
• KEPIC MN or ASME Code, Section III.
Fracture toughness rules
• KEPIC MN or ASME Code, Section III. All welding procedures, welders
• KEPIC MQ or ASME Code, Section IX In-service inspection
• KEPIC MI or ASME Code, Section XI The welding consists of four different materials.
• Reactor Vessel: Low carbon graded steel:
SA 508, class 2
• Safe End to Main Piping: austenitic stainless steel: SA 376, 304SS
• Butter: austenitic stainless steel, alloy 600, grade 182 [ Figure 7 ] Effect of temperature anneal [5] [ Figure 8 ] Effect of temperature on PWSCC crack growth rate for alloy 182 [5] in the welding area.
Cracks appear under the presence of three factors: material, stress and water chemistry as shown in Figure 6 Factors affect PWSCC [5] .
Material, extensive work has been performed on Alloy 600 base metals, grade 132/82/182.
This work has shown that two main factors that affect PWSCC are chromium content and annealing temperature. Alloy 600 has the chromium content of 14 to 17%. The chromium content is not high enough to resist the PWSCC.
Annealing temperature allow the carbine to dissolve easily to the grain boundary of the material.
The grain can grow to the larger area which reduces the tensile stress on the surface of the material. A schematic representation of the carbide precipitation process for nickel alloys is shown in Figure 7 [5].
Stress sustained and high tensile stresses are required for PWSCC. There are two main sources of tensile stress: operating condition stresses due to pressure, temperature, and other mechanical loads, and weld residual stress; for the operating condition stresses, they cannot be changed readily as the working condition need to follow specified ASME Code Section III.
However these stresses do not affect the condition and the appearance of PWSCC as most of the components are designed to withstand these stresses. For the weld residual stress, much work can be done to reduce the intensity of the stress.
Environment, the main environmental parameters are the temperature as Figure 8 Shows the effect of temperature on crack growth rate (CGR) and the hydrogen concentration, and to a much lesser extent the Li-content, interior related pH-value, and the presence of zinc.
The effect of hydrogen on the crack growth rate in alloy 600 and its weld metals has been extensively studied during the last few years.
It has been shown that the crack growth has a [ Figure 9 ] Management strategies for PWSCC of Alloy 600 penetration nozzles weak maximum in alloy 600, larger in the case of the weld metal alloys 182 and 132, at a hydrogen concentration approximately corresponding to the Ni/NiO equilibrium potential [5] .
The effect of temperature shows that crack initiation and growth is faster for the increasing temperature. 
Specialty Engineering

Nozzle material change
In France in 1989, SCC in Alloy 600 instrumentation nozzles of pressurizers was found.
It was recognized that the cracking was a generic problem for 14 French 1300MW units equipped with Alloy 600 instrumentation nozzles [7] .
Regarding to field experience with stainless steel nozzles and weldments on pressurizers in
French 900MW units and elsewhere, the replacement with austenitic stainless was conducted.
All the repair processes were developed and qualified and personnel trained before the field operations. 
Weld material change
Weld overlays (WOL)
Weld overlay is the welding process where 
Weld inlay (WIL)
Weld inlay (WIL) is a method to mitigate potential PWSCC by applying Alloy 52/152 material that has highly resistance to PWSCC to the inside pipe wall over an existing Alloy 82/182 weld.
Weld inlay is applied to isolate the existing Alloy The requirements:
[ Figure 11 ] Typical inlay configuration requirements [10] [ Figure 12 ] Inlay method using the cylindrical container for RV and main procedures as preventive maintenance [12] [ Figure 13 ] Inlay devices (manipulators & tip devices) [12] 1) Minimum layers of inlay are 2
2) Minimum final thickness is 1/8 inch (3.175 mm).
3) Minimum distance between DMW and base metal is 1/4 inch (6.35 mm).
4) Maximum thickness of the repair weld
shall be 2 in 
Weld Inlay Technology
In United State, Westinghouse [11] ; has de- 
Optimized Hydrogen Water Chemistry
Attanasio demonstrated the benefit of higher hydrogen levels for SCC mitigation [13] . Specifically, if one postulates an initial condition of 25 cc/kg H2O at 325°C, the calculated SCC growth rate for Alloy EN82H is 0.39 mils/day.
If the hydrogen level is adjusted to 50 cc/kg H2O at the same temperature, the calculated SCC rate is 0.11 mils/day, which represents a decrease of 3.5 times. This benefit is significant, as can be seen by comparing the reduction in temperature that would be needed to produce a similar benefit with decreasing 325-297°C using thermal activation energy of 130 kJ/ mole. On the other hand, operation at much lower levels is also being considered in Japan; they [ Figure 15 ] PWSCC growth depending on Hydrogen content at 325°C for Alloy 600 [5] [ Figure 16 ] System Life Cycle [17] consider that lowering hydrogen may give better condition of PWSCC initiation [14] . According to Dozaki [15] , a high hydrogen concentration of 15 and 25 cc/kg H2O did not give a big difference in PWSCC initiation time of Alloy 600 MA (less than 10% of initiation time difference). In the water with 5 cc/kg H2O, however, the PWSCC initiation time was about 50% longer than that of 15 and 25 cc/kg H2O conditions.
Design Process
A system's life cycle usually consists of a series of stages regulated by a set of management decisions that confirm that the system is mature enough to leave one stage and enter another [17] . Figure 16 . explains a pre-design stage of system life cycle [16] A life cycle model for a system identifies the major stages. The stages are culminated in decision gates, where the key stakeholders decide whether to proceed into the next stage, to remain in the current stage, or to terminate or re-scope related projects. The initial conception begins with a set of stakeholders agreeing to the need for a system after that exploring whether a new system can be developed, in which the life cycle benefits are worth the investments in the life cycle costs.
Needs
Needs Analysis: defines and validates the need for a new system, demonstrates its feasibility, and defines system operational requirements for RCS safety need structure integrity, PWSCC preventive, maintenance and inspection procedure, and development tools for inspection and maintenance.
Concept
Concept Exploration: explores feasible concepts and defines functional performance requirements; in this phase, it was done a research about the currently existing technology to inspect and mitigate cracks in the piping. Concept Definition:
in this phase are studied alternative concepts that can be applied and used in the system analysis, such as current researches and different methodologies currently being used to mitigate cracking. Also is taking into consideration safety analysis for the methodology implementation, and special tools for internal pipe inspection and maintenance.
System Requirement
By using the system engineering approach on the RCS Piping it is possible to access the 
Design Application
By modeling RCS by CATIA V5 we investigated and specified path for internal inspection and maintenance tools (Virtual Simulation). Table 1 shows Verification matrix1 which is needs vs. Concept, and table 2 shows Verification Matrix 2 which is System Requirement vs. Design.
Conclusions
The PWSCC of alloy 600 penetration nozzles of PWRs started in 1991 and continue today.
Most locations of Alloy 600 nozzles/penetrations
and their welds were affected by the PWSCC.
The basic inspection requirement is periodic volumetric examination on the weld region during refueling outage. In this paper, we applied SE methodology to specify problems, needs, requirements, and finally the solution for this issue.
We introduced four robotic devices for internal inspection and maintenance can perform remote welding and inspection in high-radiation areas. 
